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Description 

The present invention is concerned with a geneti- 
cally manipulated infectious recreating non-segmented 
negative-stranded ANA virus mutant and a process for 
the preparation of such a mutant. 

Rabies virus ( RV) is an example of a non-segmented 
negative-stranded RNA virus of the Rhabdoviridae fam- 
ily. Cther species belonging to this family are vesicular 
stomatitis virus (VSV). infectious hematopoietic necrosis 
virus (IHNV) viral haemorrhagic septicaemia virus (VHS. 
Egtved virus), bovine ephemeral fever virus (BErV). and 
sonchus yeilow net virus (SYNV). 

Beside the family of Rhabdoviridae also viruses 
belonging to the Paramyxcviridae (e.g. sendai virus 
(SV), para-influenza virus (PIV) type 2 and 3. Newcastle 
disease virus (NOV), mumps virus (MUV), measles virus 
(MP/) and canine distemper virus (COV)) and Roviri- 
dae. and several viruses not assigned to a family (e.g. 
Boma disease virus; 30V) have a non-segmented neg- 
ative-stranded RNA genome. 

The overall genomic organisation in the non-seg- 
mented negative-stranded RNA viruses of the various 
families is comparable. Especially between the para- 
myxoviridae and the rhabdoviridae. there are only minor 
differences in the overall genomic organisation (Tordo et 
aJ., Seminars in Virology 3: 341-357. 1992). 

RV can iniect all warm-blooded animals, and in 
nearly all instances after establishment of symptoms the 
infection ends in death. Dog rabies is still important in 
many parrs of the world: infected dogs cause most of the 
estimated 75,000 human rabies cases that occur each 
year world-wide. In many countries of Europe, and in the 
United States and Canada, wildlife rabies has been 
increasing in importance. 

The dinical features of rabies are similar in most 
species, but there is great variation between individuals. 
Following the bite of a rabid animal the incubation period 
is usually between 1 4 and 90 days, but may be consid- 
erably longer, and incubation periods of over a year have 
been documented. Two clinical forms of the disease are 
recognized furious and dumb or paralytic. In the furious 
form, the animal becomes restless, nervous, aggressive, 
and often dangerous as it loses all fear of humans and 
bites at anything that gains its attention. The animal often 
cannot swallow, giving rise to the synonym for the dis- 
ease, "hydrophobia"*. Tnere is often excessive salivation, 
exaggerated responses to light and sound, and hyper- 
esthesia. As the encephalitis progresses, fury gives way 
to paralysis, and the animal manifests the same clinical 
features as seen throughout in the dumb form of the dis- 
ease. Terminally, there are often convulsive seizures, 
coma, and resoiratory anest. with death occurring 2-7 
days after the onset ci clinical signs. 

Rabies virus enters the body in the bite or occasion- 
ally the scratch of a ratio animal, or when virus-loaded 
saliva from a rabid animal enters an open wound. Viral 
replication in the bite site, in muscle, is followed by inva- 
sion of peripneral nerve endings and central movement 



of viral genome in the cytoplasm of axons to the central 
nervous system. Viral entry into the spinal cord and then 
the brain (particularly the limbic system) is associated 
with clinical signs of neuronal dysfunction. Usually, at 

5 about the same time that central nervous system infec- 
tion causes fur/, virions are also shed from the apical 
end of mucus-secreting cells in the salivary glands and 
are delivered in high concentrations into saliva. 

Throughout the course of rabies, host inflammatory 

to and specific immune responses are only minimally stim- 
ulated: the most likely reasons for this are because the 
infection is ncn-cytcpathic in musde and in nerve .celts 
and because the infection is largely concentrated in the 
immunologically sequestered environment of the ner/- 

is a us system. 

RV virions like all Rhacdoviruses are composed of 
two major structural components: a nucleocapsid or ribo- 
nuclecprotein (RNP) core and an envelope in the form 
of a bi layer membrane surrounding the RNP core. The 

20 infectious component of all Rhabdcvi ruses is the RNP 
core. The genomic RNA is of negative sense and thus 
cannot serve as a messenger but requires its own 
endogenous RNA polymerase for transcription of 
mflNA. The RNA genome is encapsidated by the nude- 

25 ocapsid (N) protein in combination with two minor pro- 
teins, i.e. RNA<lependent RNA polymerase (L) and 
phosphoprotein (P) to form the RNP core. The mem- 
brane component contains two proteins: an trans-mem- 
brane glycoprotein (G) and a matrix (M) protein located 

30 at the inner side of the membrane. The G-protein is 
responsible for cell attachment and membrane fusion in 
RV, and additionally is tie main target for the host 
immune system. 

During transcription, the genome directs the 

35 sequential synthesis of a short leader RNA and five 
monocistronic, capped and poiyadenylated mRNAs. 
During replication, the conoitional transcription step and 
start signals between the cistrons are ignored by -he viral 
polymerase. For both the transcriptase and the replicase 

*o reaction the presence of the N-protein complexed with 
the RNA genome as well as rhe L- and P -proteins are 
required. The gene order on the RV genome has been 
determined and is 3'-leader-N-P-M-G-L-S as shewn in 
Fg. 1. Each of the mRNAs of RV is translated immerii- 

4S ately after transcription. Two events occur sequentially 
during replication: first the production cf an encapsidated 
complete positive strand RNA complementary to the 
genome, followed by the production of complete nega- 
tive-stranded RNA which is also encapsidated by the N. 

so L and P proteins. Finally, the newly assembled RNP 
cores associate with M-protem and G-prctein during the 
assembly and budding process !eacing to the releasa of 
fully formed and infectious RV virions. 

The 11.9 kb genomic RV RNA contains five open 

55 reading frames (ORFs) coding for the M. P, M. G and L 
proteins, in addition to the presence cf a pseudogene 
region (y) between the G and L genes (Fig. i). 

Current vaccines for non-segmented negative 
strand RNA viruses comprise chemically inactivated 
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virus vaccines cr modified live virus vaccines comprising 
an attenuated virus strain the pathogen icity of which is 
decreased by multiple passages in ceil culture. Chemi- 
cally inactivated rabies vaccines are e.g.: Haoivac. 
Behringwerke (human). HDC. Rhone-Poulenc (human). 
Baycvac-LT. Bayer (vet). Madivac, Hoechst (vet), Epivax- 
LT, PHman-Moore. Rabisin. Rhone-Merieux For RV 
examples of such attenuated viruses are the vaccine 
strains SAO 819 and ERA. Inactivated vaccines gener- 
ally induce only a lew level of immunity, requiring 
repeated immunizations. Furthermore, the neutraliza- 
tion inducing antigenic determinants ci the pathogens 
may become altered by the inactivation treatment, 
decreasing rhe protective potency cf -he vaccine. 

In general, attenuated live virus vaccines are pre- 
ferred because they evoke an immune response often 
based on both humeral and cellular reactions. However, 
during cell culture passaging uncontrolled mutations 
may be introduced into the viral genome, resulting in a 
population of virus partides heterogeneous with regard 
to virulence and immunizing properties. Over attenuation 
during passage in cell culture can also be a problem with 
these vaccines. One must achieve a delicate balance 
between ensuring that the vaccine is not virulent while 
making certain that it is still protective. In addition it is 
well known that such traditional attenuated live virus vac- 
cines can revert to virulence resulting in disease out- 
breaks in inoculated animals ana the possible spread ot 
the pathogen to other animals. 

Moreover, a problem with combined live viral vac- 
cines is the mutual influence of the antigenic ccmoo- 
nents resulting in a decease of the potency of one or 
more of the constituting components. 

Furthermore, 'with currently administered live atten- 
uated cr inactivated RV vaccines it is not possible to 
determine whether a specific animal is a carrier of RV 
field virus or whether the animal was vaccinated. Hence, 
it can be important to be able to discriminate between 
animals vaccinated with a RV vaccine and those infected 
with a field virus so as to be able to take appropriate 
measures to reduce spreading of a virulent field virus. 
The introduction of for example a serologically identifia- 
ble marker can be achieved by introducing a mutation in 
a gene encoding a (glyco-) protein of RV which normally 
give rise to the production of antibodies in an infected 
host animal. 

It is desired to introduce a mutation into the RV RNA 
genome in a controlled manner such that for example the 
resulting mutant RV is attenuated or comprises a heter- 
ologous nucleic acid sequence encoding epitooes of for- 
eign proteins, e.g. immunological marker proteins or 
antigens of pathogens. Recombinant ONA techniques 
are already widely used tor this purpose with ONA 
viruses arc ocsitive strand RNA viruses. Examples for 
recorr.oir.ant ONA viruses: Aujeszky virus (PRV); Aden- 
oviruses; Vaccinia viruses. Examples far recomoinant 
positive-strand RNA viruses: Alphaviruses (Sindbis v., 
Semliki Icrest virus: H.V. Huang. CM. Rice. C. Xicng. 3. 
Schlesinger (1989) RNA viruses as gene expression 



vectors. Virus Genes 3. 35-91). Picomaviruses (Polio 
virus. Hepatitis A-virus. root- and mouth-disease virus: 
J.W. Almond and K.L 3urke (1 990) rclicvirus as a vector 
for the presentation of foreign antigens. Semin. Vtrcl. 1 . 

5 11-20). Directed genetic manipulation of RNA virus 
genomes depends on the ability to produce recomoinant 
RNAs which are accepted as a template by the particular 
RNA-dependent RNA polymerases. Transcripts gener- 
ated by many standard ONA-dependent RNA polymer- 

to ases (e.g. T7 RNA polymerase or cellular RNA, 
polymerase II) and mimicking viral genomes are recog- 
nized by -he polymerases of many positive stranded 
RNA viruses. This allowed recovery of infectious viruses 
or replicons from cONA transenpts and the application 

is of recombinant ONA technology to manipulate these 
genomes in a site specific manner. Since RNAs ccrre- 
sponcing to the genomes of positive stranded RNA 
viruses may function as m RNA for translation of the viral 
polymerases, an infectious cyde may be initiated by 

20 introduction of the genome analogs into a ceil. The tem- 
plate of the polymerases of negative-stranded RNA 
viruses, however, exclusively is the RNP complex. More- 
over, and in contrast to positive stranded RNA viruses, 
their genomic cr antigenomic RNA may not function as 

2s mRNA and thus ail viral proteins involved in replication 
and transcription or artificial RNAs have to be provided 
in trans. 

An appropriate system tor encapsidation cf genomic 
RNA analogs of a negative-stranded RNA viruses with a 

30 segmented genome in order to provide the appropriate 
template is recently disclosed by Palese. P. et al.. (WO 
91/03552). RNA transcripts from influenza virus genome 
segments were encapsidated by purified proteins in vitro 
which can be used to -ransfect cells together with a 

25 helper virus. However, it was found that this aporcach 
was not successful with RV. a virus having a non-seg- 
mented genome. Short model genomes cf VSV and RV 
lacking the major part of the RNA genome comprising 
the genes encoding the viral proteins could be encapsi- 

■*o dated and expressed by plasmid encoded proteins (Pat- 
tnaik, A.K. at al. Cell 39, 101 1-1020. 1992; Conzelmann, 
K-K. and M. Schnell. J. VirolcgySa, 713-719. 1994). This 
approach involved the co-expression of both the genome 
analogs optionally comprising reporter gene inserts, and 

46 particular viral proteins from transfected plasmids in 
order to produce defective virus particles. Sallart at al. 
described a method to obtain infectious measles virus, 
also a ncn -segmented negative- stranded RNA virus, 
from cloned cONA (The EM60 Journal. 9: 279-384 

50 (1990)). A European Patent Application relating to this 
methed was filed with ihe author as one of the inventors. 

Both the paper and the Application were withdrawn 
however, sinca further resaarch revealed that all sup- 
posed recombinant viruses were no recombinants at all, 
55 but mere progeny virus of the originally used vaccine 
strain. 

Thus it must be concluded, that attempts to cctain 
infectious recomoinant negative-stranded RNA viruses 
with a large, non-segmented genome wmch necessi- 
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bates manipulation of the entire genomes, have failed 
until new. 

The present invention provides a genetically manip- 
ulated infectious replicating non-segmented negative- 
stranded RNA virus mutant, obtainable by recombinant 5 
ON A techniques, comprising an insertion and/or deletion 
in an ORF, pseudogene region or non-ceding region of 
the RV genome. 

More specrtically the invention provides non-seg- 
mented negative-stranded RNA viruses of the para- to 
myxo- and rhabcovirus family. 

As explained above, there is a large homology in 
genomic organisation between the non-segmented neg- 
ative-stranaed RNA virus families. Where the function of 
encoded proteins in the process of replication, assembly, ts 
cell attachment or cell fusion is comparable, these pro- 
teins will be referred to further as "analogs - . It may be 
that the function of e.g. two proteins of one family is 
united in one protein in another family. This is e.g. the 
case with the F 3nd HN proteins of the paramyxovi ndae. 20 
that together have the same function as glycoprotein G 
of the Rhabdcviridae. In this case, the two proteins of the 
one ramily will be considered anaiogons of the one pro- 
tein of the other family. 

Tne insertion and deletion of one or more nucleic 2s 
acid residues can be introduced in the RV genome by 
incorporating the appropriate mutations into the corre- 
sponding viral ORF, pseudogene region or non-coding 
region. This alteration is understood to be a change of 
the genetic information in the HV ORF or pseudogene of 30 
a parent RV thereby obtaining the insertion or deletion 
RV mutant according to the invention. 

A mutation, in which one or more nucleotides are 
replaced by other nudectides, a so called substitution 
replacement is considered to be the result of a combined 35 
deletion and insertion action. Tnis kind of mutation is 
therefore also considered to be included in the wording: 
deletion and(/or) insertion. 

It is clear that any mutation as defined herein com- 
prises an alteration of appropriate RV sequences such 40 
that the resulting RV mutant is still infectious and repli- 
cating, i. e. the mutant RV is capable to infect susceptible 
cells and its mutant RNA genome is capable of autono- 
mously replication and transcription, i.e. no co-expres- 
sion of RV N. P and L proteins is required. 45 

It goes without saying, that also comprised in the 
present invention are mutant RVs capable of only one 
single round of infection, followed by replication (Vide 
infra). 

The genomic crganisation of aitferent RV strains is so 
identical. The nucleotide sequence and deduced amino 
acid sequence analysis of the vaccine strain SAO Si 9 
and the virulent strain PV have been determined 
(Ccnzelmann et al.. Virology 1 75. 435-499. 1990 and 
Tordo at al.. Nucleic Acids Res. 14. 2671-2683, 1986; 55 
Proc. Natl. Acad. So USA 33, 391 4-3918. 1986: Virctcgy 
165 . 565-567. 1988). In Ccnzelmann et al.. 1990 (supra) 
it is determined that the viral genome of the SAD 519 
strain comprises 11.923 nucleotides and that the 
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deduced amino acid sequence of the rive viraJ proteins 
N. P. M. G and L are highly similar to these of the path- 
ogenic PV strain. The location of the respective ORFs. 
pseudogene region and intergenic non-coding regions 
in RV have been determined therein: the coding region 
of the RV N, P, M, G and L genes correspond with posi- 
tions 7VU23, 1514-2407, 24S6-3104. 3317*4891. 
5414-11797. respectively. The pseudogene region (y) 
maps at position 4961-5359. whereas the intergenic 
regions seoarating the five cistrons and which are 
flanked by non-cooing sequences containing transcrip- 
tional start and stcp/poly-adenyiation signals map to 
positions 1483-1484; 2476-2480 ; 3285-3289; 5360- 
5383. Although the numbering and the nucleotide 
sequence of the ORFs. pseudogene region or non-cod- 
ing regions of the parent RV strain used herein to intro- 
duce a mutation is not necessarily the same as that of 
the SAO 819 or PV strain, the above-mentioned charac- 
terisations of these regions exactly define the localisa- 
tion thereof on the genome of any RV strain. 

A method to obtain an attenuated RV from a virulent 
parental RV strain is to introduce the insertion and/or 
deletion in an ORF encoding a viral protein, for example 
.such that the activity cf the viral protein for host cell 
attachment and membrane fusion is modified. e.g. 
reduced. It is known for RV that changes in the amino 
acid sequence cf the trans-memtrane glycoprotein G 
have significant affects on the pathogenicity of the RV in 
addition, with regard to attenuation also changes in the 
matrix (fvi) protein may influence the conformation of the 
G protein resulting in an attenuation of the virus. There- 
fore, mutant RV comprising a deletion or insertion in the 
ORF encoding the G or M protein are particularly pre- 
ferred herein. 

Also comprised in the present invention are infec- 
tious replicating rabies virus mutants caoabie of cniy one 
single round cf infection, roil owed by replication. The 
advantage thereof is explained below: 

.Although generally spoken recombinant live vac- 
cines have been proven to be safe and efficacious, there 
is a risk that the vaccine viruses spread to other animals 
which are more susceptible for the virus. 

Therefore, there is a strong reluctance on both polit- 
ical, ethical and partially scientific grounds, to allow the 
use of recombinant viruses in the field. 

In particjlar. far risk assessment studies by regula- 
tory authorities with respect to genetically modified vac- 
cine viruses, especially live viruses expressing foreign 
genes, the aspect of possible shedding of these viruses 
in the environment is a very important aspect. 

Thus, it can be appreciated that rabies virus vac- 
cines wmch display all the advantages of live virus vac- 
cines but which are confined to die vaccinated animals 
and are not shedced. are highly Cesirable. 

Such viruses can be made by a.g. mutation of tfie 
M-gene. encoding the M(atrix-)prctein. The M-prctein 
plays a main rote in the assembly cf the virus, whereas 
it additionally influences the incorporation and conforma- 
tion cf :he glycoprotein G. 
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When mutants, lacking a functional M-protein. 
are grown in manipulated cells that produce the M-pro- 
tein in trans, intact virus particles are made, that behave 
like wild -type virus as far as their infectious character 
towards their natural host is concerned. Once they have 
infected a host call however, there is no possibility to form 
new infectious virusas, since they lack the genebc infor- 
mation to synthesize the M-protein. 

Therefore, they remain contained in the host. The 
advantages of such viruses will be discussed belcw. 

Therefore, in a preferred embodiment the present 
invention relates to an insertion and/or deletion in the 
open reading frame encoding the matrix protein M, such 
that it results in a non-functional matrix protein M, or even 
in trie absence of matrix protein M. The M^mutant 
viruses with the non-functional or absent matrix protein 
M have to be grown in ceils that provide a matrix protein 
M analog in trans, in order to phenotypicaily complement 
the virus. 

Alternatively, such viruses can be made by e.g. 
mutation of the G-gene. The G-protein plays a main role 
early in infection, in the process of ceil attachment and 
membrane fusion, as mentioned before. 

It is possible to mutate the G-gene by insertion 
and/cr deletion (or 3ven by deletion of the whole G-gene) 
to such an extend that the resulting G" mutant virus is no 
longer capable of succassfully infecting other calls, due 
to heavily impaired (or wen absent) glycoprotein G. 
Such mutants will further be referred to as G-minus (G" 
-} mutants. 

This kind cf mutations of the G-gene is therefore 
more severe than the mutations described before, that 
only lead to decreased virulence: real G" mutants are not 
infectious, since they lack a functional glycoprotein G. 

If such G~ mutant viruses are grown in recombinant 
host cells complementing tor the G-protein, progeny 
viruses are excreted that are phenotypicaily G-cositive. 
but genotypicalry G-negative. 

These viruses have an important advantage over ex- 
positive viruses: on the one hand, they are capable of 
infecting non-complementing host cells, since they pos- 
sess the G-protein in their membrane. !n the infected 
cells, the G* mutant viruses replicate as wild-type 
viruses. This has the advantage that the whole viral 
genome, including heterologous genes doned into !he 
recombinant virus, is multiplied, and the encoded 
genome products will be expressed and processed as 
with wild-type virus. 

On the ether hand however, no infectious progeny 
virus can be mace in the host since normal host ceils 
do not synthesize G-protein. and the mutant virus itserf 
is genoiypically G-negative. 

Thus, animals infected with G" mutant virus do not 
shed infectious virus in the environment This makes G" 
mutants (as well as the M<"> mutants discussed aocve) 
very safe as a basis tor vaccines. 

Alternatively, the G" mutants according to the inven- 
tion can be complemented phenotypicaily by other, non- 



rabies-, glycoproteins known to play a role in ceil attach- 
ment 

Since glyccprctein(s) protruding from the viral mem- 
brane into the environment are known to determine the 
5 cell-specificity, it therefore is possible to target !he 
recombinant infectious rabies virus mutant to specific 
cells other than the natural host cells of rabies, by ches- 
ing the right complementing glycoprotein. 

These glycoproteins will further be called "gtycopro- 
to tein G analogs", to indicate that they are involved in cell- 
specific attachment, like glycoprotein G. 

H shculd be noticed, that in some viruses, the "glyc- 
oprotein G analogs" determining the cell specificity are 
not glycoproteins but non-glyccsvtated proteins. It is 
is dear, that these proteins are also within the scope of the 
invention. 

Therefore, in another preferred embcoiment of the 
present invention, the insertion and/or deletion in the 
open reading frame encoding the glycoprotein G is such 

so that it results in a non-functional glycoprotein G, or even 
in the absence of glycoprotein G. The G^mutant viruses 
with the non-functional or absent glycoprotein G have to 
be grown in cells that provide a glycoprotein G analog in 
trans, in order to phenotypicaily complement the virus. 

25 In an even more preferred embodiment of the 
present invention, the glycoprotein analog used for com- 
plementation is the rabies virus glycoprotein G itself. 

Recombinant infectious rabies viruses with a glyco- 
protein G analog have several important advantages: 

30 

a) they can be specifically targeted to certain cells, 
crgans or hosts, depending en the target cf the glyc- 
oprotein G analog that was chosen, 

35 This implicates that e.g. specifically the respira- 

tory tract cr the digestive tract can be targeted. Thus. e.g. 
mucosal responses can be obtained at a predetermined 
site. 

Alternatively, specific cells of the immune system 
•*o can be targeted. 

b) they can additionally be carriers of foreign genetic 
information encoding epitopes from non-rabies 
pathogens as explained above. 

46 

Alternatively, they can be carriers of foreign genetic 
information encoding toxic substances. 

A very important aoplication of viruses according to 
the invention is obtained with viruses having both a glyc- 
so oprotein G analog according to a) and foreign genetic 
information according to b). 

Recombinant infectious rabies viruses can be 
obtained according to the present invention, that are tar- 
geted to a scec.iic cell type, normally attacked by a non- 
55 rabies virus, wnile at the same time carrying an immu- 
noprotective determinant of that ncn-rabies virus. 

Sucn a virus induces immunity in the host against 
the no n -rabies virus, whereas at the same time it is fully 
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safe, due to the lack of genetic information for the glyc- 
oprotein G analog. 

Another important embodiment cf the present inven- 
tion are viruses according to the present invention that 
are e.g. targeted to COa-cells, that represent target cells 
of HIV, through genotypicai complementation with HIV 
gpl20\ and that facultatively encode a cytotoxic protein. 

Such viruses will selectively attack CD4-ceUs, and 
once inside these the ceils, they will kill them. 

Alternatively, recombinant infectious rabies viruses 
according to the present invention can provide very safe 
vaccines against virulent/pathogenic viruses against 
which at this moment no safe live vaccines exist: a 
recombinant infectious rabies virus targeted against e.g. 
the natural target ceiis of Bovine Respiratory Syncytial 
Virus (BRSV) through complementation with BRSV glyc- 
oprotein G anaiog, and expressing immunoprotective 
epitopes of BRSV, gives a very safe vaccine against this 
disease 

Parainfluenza virus vaccines have so far faced the 
same problems as SRSV-vacdnes. Therefore, recom- 
binant infectious rabies virus with parainfluenza glyco- 
protein G analog and additional immunogenic epitopes 
of parainfluenza provides a good and safe vaccine 
against this disease. 

Other important veterinary vaccines cased on 
recombinant infectious rabies virus are made by intro- 
duction into the recombinant rabies virus of immuno- 
genic determinants cf : 

i) the tcroviruses; equine, bovine and porcine toro- 
virus, 

ii) the corcnavi ruses; covin e. canine, porcine and 
feline coronavirus, especially the spike-prcteins 
thereof. 

Therefore, a most preferred emooaiment of the 
present invention relates to recombinant infectious 
rabies virus glycoprotein G^mutants. complemented 
with a glycoprotein G analog, and carrying a heterolo- 
gous nucleic acid sequence encoding an epitope or 
polypeptide of a pathogenic virus or microorganism. 

Alternatively, attenuation of the RV may be obtained 
by altering the enzyme activity of the RV replicase or 
transcriptase so that the enzyme is less active, thereby 
resulting in the production of less infectious virions upon 
infection of a host animal. As the M. P and L proteins are 
involved in the RV polymerase activity. RV mutants hav- 
ing an insertion or deletion in the ORF encoding the N. 
P or L proteins are also part of the invention. 

RV deletion and/or insertion mutants according to 
the invention can also be used to vaccinate a host in 
order to be able to discriminate (serologically) between 
a host to which a vaccine comprising said RV mutant is 
administered and a host infected with a parental RV. In 
this emoodiment of the invention the insert in the RV 
insertion mutant may encoce a heterologous epitope 
which is capable of dieting a specific non-RV immune 
response in an inoculated host, or may encode a protein 



with enzymatic activity, such as CAT or !acZ (Ccnzei- 
mann and Schnell, 1994, supra). A preferred region for 
the incorporation cf such inserts is the RV pseudogene 
region. As is demonstrated in the Examples insertions 

5 and deletions can be made in this region without disrupt- 
ing essential functions cf RV such as those necessary 
for infection or replication. The RV deletion mutant may 
lacfc an epitope of a RV protein against which an immune 
response is ncrmaily raised by the vaccinates, in partic- 

to ular a RV mutant comprising a deletion in the ORF 
encoding the G protein is suited for this purpose. In the 
case cf a RV insertion mutant the insertion comprises a 
nucleic acid sequence encoding a serological marker 
antigen or an epitope thereof. 

ts In a further embodiment of the invention a RV mutant 
is provided which is capable of expressing one or more 
differ ent heterologous epitopes or poly-pectides cf a 
specific pathogen. Such a mutant can be used to vacci- 
nate animals, both domestic and non-domestic animals. 

20 against wildlife rabies and said pathogen. 

Vaccination with such a live vector vaccine is prefer- 
ably followed by replication of the RV mutant within the 
inoculated host, expressing in vivo the heterologous 
epitope or polypeptide along with the RV polypeptides. 

25 The polypeptides expressed in the inoculated host 'will 
then elicit an immune response against both RV and the 
specific pathogen. If the heterologous polypeptide 
derived from the specific pathogen can stimulate a pro- 
tective immune response, then the animal inoculated 

30 with the RV mutant according to the invention will be 
immune to subsequent infection by that pathogen as well 
as to infection by RV. Thus, a heterologous nudeic acid 
sequence incorporated into a suitable region of the RV 
genome may be continuously expressed in vivo, prcvid- 

35 ing a solid, safe and longlasting immunity to the patho- 
gen. 

In panicuiar, the present invention provides a RV 
vector which comprises an insertion of a nucleic acid 
sequence encoding an epitope or polypeptide of a spe- 
•*o cifk: pathogen, wherein the insertion is made in the pseu- 
dogene region. 

If desired, part or whole of the pseudogene region 
can be deleted in the RV vector described above. 

Preferably nudeic add sequences encoding an 
46 epitope or polypeptide of canine par/cvirus. canine coro- 
navirus and classical swine fever virus (CSFV) are con- 
templated for incorporation into a suitaole region of the 
RV genome. 

The possibility to manipulate the ncn -segmented 
50 negative-stranded RNA genome of RV on the ON A level 
by recombinant ONA techniques was not possible until 
now. because no infectious replicating virus ccuid be 
generated. However, a process is provided herein which 
allows the engineering of a mutaticn into a coding region 
55 or ncn-cccing region cf the viral genome on the ONA 
level by means of recombinant CNA techniques followed 
by the g eneraxing cf an infectious replicating RVharcour- 
ing the mutation in its genome. 
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This process according to the invention comprises 
the steps of 

a) introducing into cells expressing a RNA polymer- 
ase; 

1 ) one or more ONA molecules encoding the RV 
M, P and L proteins, and 

2) a ONA molecule comprising the RV cONA 
genome 

and 

b) isolating the viruses produced by the cells. 

Normally, the cONA of the rabies virus genome is 
modified by ihe incorporation of a mutation in the 
genome. 

The process may however also be used to e.g. purify 
contaminated RV pools. In that case, the original non- 
mutated cONA will be used. 

In view of the fact that rescue efficiency of a model 
mini-genome of RV comprising heterologous inserts with 
pfasmid encoding proteins is extremely low and moreo- 
ver correlates with insert length (Conzeimann and 
Schneil, 1994. supra) it could not be expected that initi- 
ation of a productive infection from transfected full length 
genomic RNA could be achieved by co-transfection with 
plasmids encoding the RV N. P and L proteins. This is 
the more so as large amounts of positive sense N, P and 
L specific RNAs are produced from the transfected pro- 
tein encoding plasmids which were expected to hybridize 
with simultaneously expressed negative-stranded 
genomic RNA transcripts. Possible hybridization, hew- 
ever, which could affect more than half cf the genome 
was suspected to interfere with the crucial encapsidation 
step. In addition, translation of N, P and L mRNA might 
be affected. Indeed it was found that with the standard 
transection protocol no infectious viruses could be 
obtained. However, as demonstrated in the examples the 
application of an alternative transection protocol in com- 
bination with the use of a RV cONA genome generating 
positive stranded antigenomic RNA transcripts, gave rise 
to a replicating genetically engineered RV. 

The above-mentioned process allows the in vitro 
incorporation of a mutation in the genome cf a parental 
RV by means of recombinant ONA techniques followed 
by the generation cf an infectious replicating RV mutant 
harbouring said mutation. The mutation includes but is 
not limited to an insertion, deletion or substitution of 
nucleic acid residues into an ORF encoding a RV protein, 
a non-coding region e.g. the pseudogene region, or a 
transcriptional signal sequence of RV parental genome. 

The engineering of a mutation in a non-coding inter- 
genic region may influence the transcription of a specific 
viral gene sucn that the transcription of the mRNA and 
the subsequent translation of the protein, either an enve- 
lope protein, such as the M and G protein or a protein 
involved in polymerase activity, such as the N, P or L pro- 
tein, is reduced resulting in a virus mutant featuring 



attenuated characteristics because the mutant's capa- 
bility of producing (infectious) progeny virus is reduced. 
In particular the substitution of one or mere nucleic acid 
residues in this intergenic region and/or transcriptional 
5 signal sequences can influence em'cienc/ cf transcrip- . 
tion. 

Furthermore, the substitution cf one or more nucleic 
acid residues in a region of the genome of a virulent RV 
which is involved with virulence, such as the ORF encod- 

to ing the G protein, by the application of the process 
described herein is pan of the invention. 

Such a mutation may result in the exchange cf a sin- 
gle amino acid in the G protein of a virulent RV strain 
resulting in a (partial) loss of pathogenicity, e.g. replace- 

is mem of Arg (333) with He, Glu or Gin, or Leu (132) by 
Phe. or Trp. 

In the process according to the invention the ONA 
molecule containing the RV genetic information prefera- 
bly comprises a plasmid provided with appropriate tran- 
20 scription initiator and terminator sequences 
recognizable by a polymerase co-expressed by the 
transfected host ceils. 

A preferred process according to the invention com- 
prises the use of host cells transfected with RV CNA. said 
25 cells being able to express bacteriophage T7 DNA- 
dependent RNA polymerase, expressed for example 
cytcpiasmically from vaccinia virus recombinant In this 
case the plasmids containing RV ONA are provided with 
the T7 promoter and terminator sequences (Ccnzel- 
ao mann and Schneil. 1994, supra). 

Fcr :he preparation of a live vaccine the recombinant 
RV mutant according to the present invention can be 
grown on a cell culture derived for example from 3HK, 
or human diploid calls. The viruses thus grown can be 
35 harvested by collecting the tissue cell culture fluids 
and/or cells. The live vaccine may be prepared in the 
form of a suspension or may be lyophilized. 

In addition to an immunogenicaJly effective amount 
of the recombinant RV the vaccine may contain a phar- 
•*o maceutically acceptable carrier or diluent. 

Examples of pharmacautically acceptable carriers 
or diluents useful in the present invention include stabi- 
lizers such as 3 PGA, carbohydrates (e.g. sorbitol, man- 
nrtol. starch, sucrose, glucose, dextrari). proteins such 
46 as bovine serum or skimmed milk and buffers (e.g. phos- 
phate buffer). 

Optionally, one or more compounds having adjuvant 
activity may be added to the vaccine. Suitable adjuvants 
are for example aluminium hydroxide, phosphate or 
so oxide, oil-emulsions (e.g. cf Sayol F iR ) or Marcol 52^ . 
saponins or vitamin-c solubilisate. 

The useful dosage to be administered will vary 
depending on the type cf mammal to be vaccinated, the 
age. weignt and mode cf administration. 
55 The dosage may vary between wide ranges: 102 to 
107 pfu/animal would e.g. be suitable doses. 

A specific dosage can be for example about 10 6 
pfu/animai. 
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A RV mutant according to the invention can also be 
used to prepare an inactivated vaccine. 

For administration to animals, the RV mutant accord- 
ing to the present invention can be given inter alia orally, 
intranasaily, intradermal!^ subcutaneously or intramus- 
cular ty. 

The RV vaccine according to the invention can be 
administered to dogs but also to the main vectors, i.e. 
raccccns. skunks and faxes. Furthermore, also vaccina- 
tion ot wild bears with a live RV vector capable of 
expressing a heterologous gene of a porcine pathogen 
such as classical swine fever virus, is contemplated. 

Example i 

Preparation qf infectious "3P'icatinq RV virions 

Construction of full length RV cONA (Ftg. 2). 

The cloning of cDNA spanning the entire genome of 
RV strain SAD 819 was descried previously (Conzel- 
mann et al.. 1 990. supra; GenSank accession number 
M310*6). The numbering of RV nucleotides and amino 
acids used herein corresponds to that of Conzslmann et 
al.. 1990 (supra). As basis for the assembly of a SAO 
819 full length ONA clone the RV mini-genome 
sequence contained in the transcription plasmid pSDI-1 
(Ccnzelmann and Schnell. 1994. supra) was used 
(Ftg.2). pSDI-1 contains the SAD 319 genomic 3' and 5* 
ends (SAD B19 nucleotides 1-68 and 11760-11928, 
respectively) inserted between a T7 RNA polymerase 
promoter and the hepatitis delta virus (HDV) antigenome 
ribozyme sequence. In order to generate a plasmid to 
produce positive stranded SOI-1 transcripts (pSDI- 
1plus) the RV sequences contained in pSDI-1 were first 
amplified by PCR using an 1 1 base primer (S'-ACGCT- 
TAACAA-3*) which due to the complementary of RV 
genome ends corresponds to the a termini of both pos- 
itive and negative sense viral RNAs. After subsequent 
partial ligation of a synthetic EcoRLWunt adaptor (T7/3) 
containing a T7 promoter sequence followed by three G 
residues (undefined) (5* -AATTCCTGCAGTAATAC- 
GACTCACTATAGGG-3') to the amplified RV sequence, 
the ligation products were cloned in the EcoRI/Smal sites 
of pXSdT. This plasmid is a derivative of p8luescriptll 
(Stratagene) from which a SssHII/Clal fragment of the 
multiple cloning site containing the original T7 promoter 
was deleted. It contains the 34 base HDV antigenomic 
ribozyme sequence in the Smal site followed immedi- 
ately by a T7 transcription terminator sequence cloned 
in the SamHI site. Constructs that contained a T7 pro- 
motor upstream of the plus sense RV sequence were 
identified by restriction analysis and sequencing. The 
Munl-3g1N fragment of pSOI-1 (SAO 819 nucleotides 
40-63) was then replaced with a 1 kb Munl/Bglll cONA 
construct assemfcled in pBluescriptll from three frag- 
ments cf different SAO B19 cONA clones (Munl-Sphl 
(SAO 319 nucleotides 40-482 from pZADl -9); Sphl-Aatll 
(4041-4273 from pSADl3). and Aatll-8glll (11472- 



1 1759 from pSAD85)) resulting in pSDI-1 170. 3y inser- 
tion of a Sphl fragment assembled from the denes 
pSAD25 and pSA0l3 via Ncol (SAD 819 nucleotides 
482-4041 ) and an Aatll fragment assembled from denes 

5 pSAD 49 and p5AD85 via Xhol (SAD 319 nucleotides 
4273-1 1 472) into the unique Sphl and Aatll sites cf pSDI- 
1 170. the final basic full length clone pSAD L1 5 was com- 
pleted. Using the circular plasmid. in vitro transcriptions 
were performed and the products analyzed on denatur- 

io ing agarose gels. The presence of RNA transcripts co- 
migrating with 12 Ma RV genomic RNA indicated that full 
length antigencme RNA is transcribed by T7 polymer- 
ase. 

is Recovery cf infectious reccmoinant RV 

The co-transfection of plasmid pSAD L16 and plas- 
mids encoding RV proteins N, P and L 'was carried out 
as described in Ccnzelmann and Schnell. 1994 (supra). 

20 Transection experiments were carried out as '" 
described previously. 8HK-21. done 3SR cells were 
grown overnight in 3.2 cm-diameter dishes in Eagle's 
medium supplemented -with 10% calf serum to 30% con- 
fluence, and infected at a m.o.i. of 5 with the recombinant 

is vaccinia virus vTF7-3 (Fours et al.. Proc Natl. Acad. Sci 
USA 22. 8122-3126, 1986). One hour pontificating calls 
were -washed twice with culture medium lacking calf 
serum and trans: ected with a plasmid mixture containing 
5 ug pT7T-N, 2.5 ug pT7T-P. and 2.5 ug pT7T-L and with 

30 2 ug cf pSA0-L16 plasmid by using the mammalian 
transaction kit (Stratagene: CaPO* protocol) according 
to the suppliers instructions. The precipitate was 
removed 4 h pesttransfection and ceils were washed and 
incubated in Eagle's medium containing 1 0% calf serum. 

35 Possible encapsidation of pSAD-L16 derived T7 RNA 
polymerase transcripts and the resulting expression of 
RV proteins from the nucleocapsids was checked by indi- 
rect fluorescence. A mencdonai antibody directed 
against RV G protein, which could only be expressed 

*o from the recombinant RV genome, was used to screen 
the cultures. Cne day after transfection stained cells 
were present, demonstrating expression of genes from 
the RV genome. However, only single positive cells were 
observed in a series of 20 transfection experiments. No 

45 fluorescent cell foci indicating the presence of infectious 
virus were obtained in these experiments. In addition, 
from cell cultures which were inoculated with the entire 
supernatant from the transfected cells no infectious virus 
could be recovered two days later. Therefore, in order to 

50 isolate a presumed very low number of infectious virus 
generated in transfected cells, the experimental proce- 
dure was modified. For isolation of transfectant viruses 
cells and supernatants were harvested 2 days pest 
transfection. Cells were suspended in the supernatant 

55 by scratching with a ruboer policeman. Tne suspension 
was submitted to three cycles cf freezing and thawing (- 
70 a C/37 *C. 5 mm each). Cellular debris and the excess 
of vaccinia ^rus which :orms aggregates under these 
conditions was pelleted by 10 min of cantrrtugation at 
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10.QC0 g in a microfuge. The entire supernatant was 
used to inocuiate a culture dish with a confluent monol- 
ayer of cells. After incubation for 2 h, the supernatant was 
replaced by 2 ml of fresh culture medium. A cythopath- 
ogenic effect (cpe) caused by vaccinia virus was 
cfcser/ed cne to two days pest infection. In average onty 
ten plaques were observed after centrifugaticn at 10.000 
g. RV infection of calls, which dees not result in detect- 
able cp a was demonstrated two days post infection by 
direct immunofluorescence staining of the entire monol- 
ayer with an anti-N conjugate (Centoccre). In two out cf 
20 experiments fluorescent foci were observed and tie 
respective supernatants contained infectious RV (SAO 
L1 6) which "was assumed to represent transfectant virus 
generated from cONA transcripts. 

Half of the supernatants from the cultures in which 
foci were observed, was used for the second passage 
after centrifugation at 10.000 g. For further passaging (2 
days each) decreasing aliquots of supernatants were 
used according to the degree of RV infection. To get com- 
pletely rid of Vaccinia virus, supernatants from cultures 
approaching infection of all cells (third passage) were 
centrifuged two times for 10 min at 14.000 g in a micro- 
fuge. The final supernatant was then ffltered using a ster- 
ile MILLEX-W 0.1 jim filter unit (Mtlfipore Products. 
Bedford. MA 01 730) and then used to produce high titre 
stocks of recombinant RVs. 

The latter iransfection and isolation protocol was 
used in the subsequent Examples. 

Example 2 

Insertion of an oligonucleotide in the RV oseudocene 
region 

Manipulations of the «y were carried out in the sub- 
clone pPsiXS. containing a 2.8 kb Xhol-Scal fragment of 
pSAO L16 representing SAO 319 nucleotides 3823 to 
6668. The Stul fragments of the modified pPsiX8 pias- 
mids were then isolated and used to replace the corre- 
sponding fragment (SAO 319 position 4014 to 6364) of 
the full length done pSAO L16 (Rg. 1). insertion of * 
nudeotides into the y and generation of a novel Nhei site 
was achieved by digestion cf pPsiX8 with Hind III. fill in 
of the extensions with Klenow enzyme and refigation. 
The final full length clone pS AO U2 is distinguished from 
SAD U 5 by the duplication of nudeotices 5338 to 5341 . 

The generation of infectious viruses was aemon- 
strated after transfer at extracts from transfected cells 
together with supernatant to fresh calls, in each of the 
series focus formation was obser/ed in one experiment. 
The transfectant viruses (denes SAO U2-13 and SAD 
U2-32) were passaged by transfer of supernatants to 
fresh cells two further times resulting in almost 100% 
infection of -he cells. To demonstrate the insertion in the 
SAD U2 virus genome, total RNA was isolated from cells 
infected with SAD U2-13 and reverse transcriptase-PCR 
(RT-PCR) of the y was performed. With the primers G3P 
and L*M (Fig. 1). which are specfic for the G ana L 
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genes, respectively. ONA fragments of approximately 
730 bp were obtained from the genomes of transfectant 
viruses SAD U2 and SAD L16 and of standard RV SAO 
819. However, subsequent digestion with Hindlll was 
s only ocser/ed for the PC R DN A obtained from SAD 319 
and SAD Li 6, but not for that from SAD U2. Conversely, 
only SAD U2 derived DNA was digested with Nhei. giving 
rise to two fragments of approamately^O and 200 bp, 
respectively (Fig. 3). Direct RT sequendng of genomic 
to RNA cf transfectant virus SAD U2 further confirmed the 
presence of the expected insertion of 4 residues at the 
predicted site, while the rest of the determined sequence 
corresponded to that cf the original SAO 319 genome. 
Thus, it was dear that SAD U2 virus represented a trans- 
is fectant virus whose genome originated from engineered 
cONA. 

The introduction of four additional nudeotides dose 
to the end of the RV iy did not affect viability of the trans- 
fectant virus SAD U2. nor did it interfere with correcttran- 
20 senption termination of the G mRNA. 

Example 3 

Alteration of RV tran scription bv an insertion or deletion 
25 between G and L codino region 

By double digest wrth Styi and Hindlll, Wenow fill in 
and religation, 3S6 bases (SAD 819 nudeotides 4942 to 
5337) were deleted, the final censtrud was pSAD W9. 

30 For the construction of pSAD V*. a 180 bp 8glll-Asuil 
fragment including the SAD B19 N/P cistrcn border 
region was isolated from pSADl3 (Conzelmann et a!., 
1990, supra). Tne fragment contained 97 nudeotides cf 
the N ceding region, the entire 3' non-coding region and 

35 the N/P cistrcn border consisting of the N transcriptional 
stopypclyadenylaticn signal, the intergenic region, and 
the first 1 6 nucleotides of the P cistrcn including the tran- 
scriptional stan signal. The cDNA fragment was first sub- 
doned into the EcoRI site of pBlueschpt after fill-in of 3* 

to recessive ends with Klenow enzyme (pNigP-180). After 
excision with Hindlll/Xbal from pNigP and blunt end gen- 
eration the obtained 230 bp fragment which contained 
the RV insert flanked by 16 and 34 bp of vector derived 
sequences, respectively, was cloned into the filled-in Sty* 

45 of pPsiX3. The final full length construct (pSAD V") thus 
possessed a 234 bp insertion compared to pSAO L16. 

As before. pSAD V" and pSAD W9 were used to 
transfect twenty culture dishes each. In three cultures 
transf ected with SAD V* and in one with SAD W9. rescue 
so was incicated by subsequent isolation of viable virus. 
After five successive passages RNA from infected cells 
and supernatant was isolated and analyzed by RT-PCR 
using the same primers as in the previous experiments. 
In comparison to standard SAO 3i 9 virus, an enlarged 
55 DNA fragment of approximately 0.9 to resulted from 
RNA of cells infected with SAO V* thus showing that addi- 
tional sequences were present in the >y region of this 
transfectant virus (Fig. 4). in contrast from RNA of cells 
infected wrth SAD W9, a ONA fragment of only 0.3 to 
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was obtained; this size was expected according to the 
deletion made in the cDNA genome copy. Sequencing 
of PCR products confirmed further that the original engi- 
neered cONA sequences were rescued into the 
genomes of SAD V* and SAD W9 transfectant viruses. 
Accordingly, neither the presence of additional 
sequences, including 50 vector derived nucleotides, 
between the G open reading frame and the y nor the 
deletion of the entire y did interfere with the inf activity 
and propagation of transfectant rabies viruses. The alter- 
ations engineered into the genomes of SAD V and SAO 
W9 were designed in a way to result in phenotypical 
changes in the transcription pattern and it was investi- 
gated whether this affected the grcwth characteristics of 
the respective transfectant viruses. However, propaga- 
tion in cell culture as well as final titers of infectious SAD 
V* and SAD W9 viruses were similar to those of standard 
SAD B19 RV. Three days after infection of cells with an 
m.o.i. of 0.01. titers of 1Q8 focus forming units (ffu) were 
reached in the supernatarrts for SAD 819. SAD V and 
SAD W9 demonstrating thai the RV y is not essential fer 
propagation in cell culture. 

Using a »y specific prcbe. no hybridization was 
detected with RNA from ceils infected with the ^/-deleted 
SAD W9 virus. While the genomic RNAs of the other 
viruses and the G mRNAs of SAD 319 and SAD L16 
were recognized by this prcbe. the SAD V w G mRNA did 
net react, in contrast a faint band of RNA appeared that 
corresponded in size to the novel extra y-mRNA that was 
predicted by the presence of the extra P gene transcrip- 
tional start signal preceding the SAO V y sequences. 
In contrast to naturally occurring RV, the transfectant 
vims SAD V* represents a RV whose genome is com- 
posed of six functional cistrons. 

Example <* 

Expression of a foreign orotein-encodina aene from 
recombinant RV 

The 230 bp cONA fragment containing the N/P cis- 
tron border flanked by multiple restriction sites described 
in example 3 was introduced into the 3stX! site of the 
pseudogene region of the full length cONA pSAD U16 
(SAD Bi9 position 4995) after generation of blunt ends 
with Klenow enzyme. The resulting cONA pS AD V was 
used as a basis for introduction of the bacterial chloram- 
phenicol-acetyitransferase (CAT) gene To obtain pSAD 
XCAT. a 0.3 kb ONA fragment of pCM7 (Pharmacia) con- 
taining the entire CAT coding region was cloned into the 
Asull Site of pSAD V contained in the N/P cistron border 
upstream of the pseudogene sequence. For construction 
of pSAD VCAT. the cONA between the Asull site and the 
Hindi 1 1 site located close to the end of the pseudogene 
sequence (SAD 3 19 position 5337) was deleted and 
replaced with the CAT-encocing hiinolll-ONA from pCM7 
after blunt end generation with Klencw enzyme. Accord- 
ingly, transcription of the recomoinant RV SAD XCAT 
should give rise to a CAT mRNA possessing the pseu- 



dogene sequence as a nontranslated 3' region, whereas 
SAO VCAT should transcribe a CAT mRNA lacking the 
pseudogene sequence. 

Recombinant rabies viruses were rescued after 

5 trans: ecticn cf plasmids encoding RV N. P. and L proteins 
and pSAD-XCAT, and pSAO-VCAT, respectively, as 
described in Example 1. After removal of vaccinia virus, 
the transcription pattern cf the recombinant RVs were 
analysed by northern hybridization. Soth viruses tran- 

to scribed CAT mRNAs cf the expected size and composi- 
tion (F:g. 5). The expression of CAT enzyme activity was 
determined in cells infected with the two viruses, respec- 
tively, by standard CAT assays (Conzelmann and 
Schneil. 199*. supra). Both were found to express CAT 

15 efficiently. Successive passages in cell culture calls 
showed that the introduced foreign sequences are 
genetically stable. Even after 40 passages both viruses 
expressed CAT efficiently (Fig. 5). Additional experi- 
ments were performed in order to examine expression 

20 and behaviour cf the recombinant viruses in infected ani- 
mals. Six week old mice (five each) were injected intrac- 
erebraily with 10* ffu cf SAD VCAT. SAD XCAT. and 
standard sequence RV SAD LIS. respectively. Seven 
days after infection all animals shewed typical rabies 

25 symptoms and died from rabies within the following 
week. CAT activity was demonstrated in brains of mice 
infected with SAD VCAT and SAD XCAT, respectively. 
Both viruses could be reisolated from mouse brains and 
expressed CAT cell culture. Thus, a foreign gene can be 

30 introduced into the genome cf infectious RV and be 
expressed stably and as well may serve as a marker to 
differentiate recombinant viruses. 

Example 5 

35 

Expression of a heterologous viral antigen from recom- 
binant RV and induction of an immune response against 
RV and the heterologous virus 

*o Tne genome cf classical swine fever virus (CSFV) 
encodes three structural glycoproteins (E0. El and E2). 
In CSFV infected animals neutralizing antibodies are 
directed against E2. whereas E0 induces a cellular 
immune response, cONA encompassing the coding 

4S region of the E2 protein and the E0 protein of CSP/ strain 
Alfort respectively, were used to replace the pseudogene 
region between the Asull and Hind 11 1 sites of pSAD V as 
described in Example 4. Recombinant viruses (SAD- 
VE0 and SAD-VE2. respectively) were recovered from 

so transfection axperiments as detailed in Example 1 . In 
infected calls -he viruses expressed CSFV E0 protein, 
and CSP/ E2 protein, respectively (Fig. 7). 

The recomoinant viruses SAD VE0 and SAD VE2 
were used :o immunize pigs by the oral route. Standard 

55 fox baits usually being used for oral immunization of 
foxes wiih the attenuated RV SAD B19 strain were 
loaded with 107 pfu of SAO-VE0. SAD-VE2 and SAD 
Bi 9. respectively. Two baits cf each preparation were fed 
to two pigs eacn (pig *T and ?2: SAD VE0. *3 and #4, 
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SAO 31 9. ^ and ?*6. SAD VE2). Four weeks after immu- . 
nization. the presence of neutralizing antibodies against 
RV and CSFV as analysed. With the exception of *5, all 
pigs possessed RV neutralizing antibodies (titre >250) 
confirming uptake of the vaccine baits. Pig 5 was there- 
fore net further considered. Pig i#6 developed CSFV neu- 
tralizing antibodies at a titre of >i 6. As expected, pigs 41 
tc 4. did not develop CSFV neutralizing antibodies. An 
intranasal challenge with 1Q 7 pfu of CSFV strain Alfort 
was performed 5 weeks after immunization. Leucocyte 
numbers of pigs and body temperature were monitored 
after the challenge and shown in Figures 8 and 9, respec- 
tively. All pigs developed fever, but pigs #1 and #2 as well 
as jr6 recovered mere quickly. The control animal #4 died 
15 days post challenge with typical CSFV symptoms, the 
control #3 was Killed cn day 21. The presence of CSFV 
neutralizing antibodies in the fig fed with SAO VE2 and 
the partial protection of the pigs that received either SAO 
VEO or SAO VE2 demonstrate that both humoral and cel- 
lular immune resonses against two heterologous viruses 
may be induced by recombinant RV live vaccines after 
application by the oral route. 

Example ? 

Generation of an attenuated RV bv introduction of a 
mutation into G gene sequences 

In order to generate a virus propagating less effi- 
ciency than the standard virus SAD 319, a recombinant 
was prepared that possesses a mutated G protein. 

For this purpose, the sequence encoding the last 46 
amino acids of the G protein were deleted. First, the G 
protein coding plasmid, pT7T-G (Conzelmann and 
Schneil, 1994, supra) was digested with Afllll (position 
4752 of the SAO 819 sequence) and EcoRV (the latter 
site is present in the multiple cloning site of the plasmid) 
and blunt ends were generated by Klencw enzyme. Liga- 
tion of the resulting Afllll and EcoRV ends resulted in the 
generation of a translation termination codon at the 
former Afllll sequence. A 0.3 !«<b ONA PpuM l-3Mal frag- 
ment containing the modified region was used to ceplsce 
the authentic PpuMI-8stXl fragment 4469-4995 of pSAO 
L16. This manipulation resulted in the deletion of SAO 
819 nucleotides 4753-4995 encoding the carboxytermi- 
nal 46 aa of the G protein cytoplasmic tail and part of the 
pseuccgene sequence. A further result is the introduc- 
tion of 18 vector-derived nucleotides immeoiately down- 
stream of the new G translation termination codon. 

Recombinant RV (SAO OCO) was recovered as 
described in Example 1 . As axpected, a truncated G pro- 
tein was expressed in ceils infected with SAD OCO (Fig. 
. 10). Compared to standard sequence virus SAO U6. 
100 fcld lower litres were obtained with SAD OCD virus 
after infection of ceils at an m.o.i. of i. in addition, a 
reouced rats of spread in cell cultures was observed (F;g. 
11), indicating that the truncation of the G protein 
. resulted in reduced assembly of virions or reduced cell 
infectivity of virions. To analyse the behaviour of SAD 



DCD in infected animals, five mice were injected intrac- 
erebrally with 105 ffu cf SAO OCO and 5 mica with the 
same dosis of SAO L16. 

5 Example 7 

Generation of a rabies virus G-minus fOn mutant bv 
cornel ementati on in trans 

to in order to delete the entire G protein coding region 
from the RV genome, the full length clone pSAO UE 
(Example 2) was used. Tnis done differs from pSAO L1 6 
by the presence of a unique Nhel site within the non- 
translated 3' region of the G gene (SAD 319 position 

is 5339). By partial digestion of pSAO U2 with PflMI (SAO 
position 3176) and complete digestion with Nhel, subse- 
quent fill-in by Klenow enzyme and religation, a cONA 
fragment comprising SAD 319 nucleotides 3177-5339 
was removed. The resulting done pSAO dG was used 

20 in transf ection experiments to recover recombinant virus. 
In addition to pJasmids encoding N. P. and L proteins, 
however, a plasmid encoding the G protein was cotrans- 
fected with pSAD dG to complement the G deficiency of 
the viral genome. The resulting virus SAD dG was pas- 

25 saged to calls again transfected with the G encoding 
plasmid and infected with the vaccinia virus vTF-7-3 to 
provide G protein. 

RNA transcripts of SAD dG were analyzed by North- 
ern blotting experiments. After hybridization with an N 

30 specific probe, the SAD dG genome was found to be con- 
siderably smaller than th e rabies virus wt genome reflect- 
ing the cONA deletion of 2.1 kb. A probe spanning the 
entire G coding region, however, failed to hybridize with 
SAD cG RNAs demonstrating the lack of G encoding 

35 sequences (Fig. 12). The identity of the deletion was fur- 
ther confirmed by RT-PCR and sequendng. 

Phenotypically complemented SAD dG was able to 
infect noncomplementing 3SR cells, to replicate its 
genome and to express the genes encoded by the 

■to genome. However, it was not able to produce infectious 
virions and thus, infection could not spread to other calls 
(Fig. 1 3) or be transf erred by passage of culture super- 
natants to other cell cultures. 

46 Example 3 

Complementatio n of G mutants bv heterologous glyco- 
proteins: directing viru s to specific cells 

so To demonstrate -hat heterologous surface proteins 
may be incorporated functionally in the envelope of a 
recombinant virus, the G-mutant SAO dG was comple- 
mented by recombinant viral glycoproteins as described 
in Example 7 for the rabies virus G. Infectious psaudo- 

55 type panicles were generated that contained the spike 
proteins from Mckcla virus, another member of the Lys- 
savirus genus, the rhabdevirus vesicular stomatitis virus 
(VSV; serotype New Jersey, genus vesiculovirus) and 
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from the retrovirus human immunodeficiency virus (HIV- 
1. strain Nl-43). 

Expression from transfected plasmids of the authen- 
tic Mokola and VSV-G protein and infection of cells with 
SAOdG resulted in the formation of infectious pseudo- 
type viruses. Compared to rabies virus G and the closely 
related Mckola virus G. however, a reduced titre was 
observed with VSV-G (1Q 4 /ml in contrast to 1 Wmf). After 
replacement of the cytoplasmic and transmembrane 
domain sequence of VSV-G by the corresponding 
domains cf the rabies virus G protein, however, 1 06 infec- 
tious particles were generated suggesting that the cyto- 
plasmic domain of the RV G is directing the protein into 
the viral envelope. 

The generation of pseudotype particles containing 
authentic HIV gp 160 (gp 120/4O) spikes was not 
observed. In contrast, expression of a chimeric protein 
composed cf the ecto-and transmembrane domain of the 
HIV gp fused to the cytoplasmic domain of RV G resulted 
in the formation of RV(HIV) pseudotypes. This confirmed 
that the cytoplasmic domain of the G protein is respon- 
sible for efficient incorporation of spike proteins into the 
envelope of rhabdoviruses. The RV(HIV) pseudotype 
particles successfully infected Vera cells expressing the 
human CD4 surfaca protein (T4* cells) cut not the control 
cells expressing CD8 (T8* calls) (cells were obtained 
from the AIDS Research and Reference Reagent Pro- 
gramme). The pseudotype viruses thus possess the host 
range and call specificity of HIV. 

LEGENDS TO FIGURES 

fig. t: 

Organization of the RV pseudogene region (\y) and 
construction of recombinant RV genomes (drawn to 
scale). Numbers indicate the nucleotide positions in the 
anti-genome sequence of SAO 31 9. On top. the entire 
RV genome with its five open reading frames is shewn. 
Mutations were earned out in pPsiX8 containing part of 
the genome (3823-6658) and reintroduced into the full 
length done pSAD L16 by exchange of the Stul fragment 
(4014-5364). In the detail drawing, coding regions are 
represented by gray boxes, non -coding sequences as 
lines. Functional transcriptional signal sequences are 
indicated by filled bar (stop/polyadenylation) and arrow- 
head (mRNA transcription start). The non-iunctional sig- 
nal-like sequence defining the start of the «y region is 
shewn by the open bar. Arrows indicate the position of 
oligonucleotide primers G3P and L4M used tor RT-PCR 
analysis of the y region. In SAD U2. fill-in of Hindlll exten- 
sions resulted in insertion cf 4 nucleotides and genera- 
tion of a unique Nhel-sita In SAD V. a cONA fragment 
containing :he RV N/P cistron border (SAD B19 nucle- 
otides 1323-1502) was inserted into the Styl site; SAD 
W9 possesses a deletion of the Styl/Hindlil fragment 



Fig. 2: 

Simplified scheme for the construction of transcrip- 
tion plasmids containing full length RV cONA. Numbers 

5 refer to nucleotide positions of the SAD 91 S RV antige- 
ncme sequence (Conzelmann at a!.. 1990). The piasmid 
pSD 1-1 plus which served as a basis for reconstruction cf 
full length RV genomic ON A is a counterpart of pSDI-1 
(Conzelmann and Schnell, 199*) containing the 3DI-1 

to RV mini -gene me that comprises the terminal nucleotides 
1-68 and 117S0-1 1923 in opposite direction with respect 
to T7 RNA polymerase promoter (T7) and hepatitis delta 
virus antigenomic ribozyme sequence (HDV). The Munl- 
Bglll fragment cf pSDMplus was replaced with a 1 to 

ts cONA construct that was assembled from three SAD 31 9 
cONA clones as indicated. Insertion of a 3.5 to Sphi and 
a 7.2 to Aatll fragment which were assembled from two 
cONA clones each resulted in the final piasmid pSAD 
L16 containing full length SAD B19 cCNA. Transcription 

20 of this piasmid by T7 RNA polymerase should yield pos- 
itive stranded (antigenomic) RNA possessing three extra 
non-viral G residues at the 5* and a precise 3* end after 
autolysis of the nbozyme. (T7) T7 promoter: (T7T) 17 
transcription terminator; (HDV) HDV antigenomic 

25 rfcozyme sequence. 

Fig. 3: 

Demonstration of the genetic tag in the genome cf 

30 the transfectant virus SAO U2. 

Total RNA from cells infected with standard RV SAO 
B19 (B19) and transtectam viruses SAD L16 (L16) and 
SAD U2 (U2) was isolated 2 days post infection and used 
tar RT-PCR amplification cf the respective y regions with 

35 primers G3P and L4M. The amplified DNA was sepa- 
rated in a 1% agarose gel directly and after digestion with 
Hindlll and Nhel. respectively. A Nhel restriction site is 
present only in DNA derived frcm SAO U2.M.QNA size 
marker. 

40 

Fig. 4: 

PGR analysis of SAD 619 (B19), SAD V* (V). and 
SAD W9 (W9) genomes. RT-PCR was performed as 
45 described in fig. 3 with primers G3P and L4M. Amplifica- 
tion products were separated in a 1% agarose gel. 

Fig. 5: 

so Demonstration of CAT mRNAs transcribed by 
recombinant RVS. 

A Northern blot of total RNA from cells infected with 
SAD U 5 (L16), SAD XCAT (Xo) and SAD VCAT (VC18). 
was hybridized with prcbes specrfic for the G gene (G), 

55 pseudogene-(Y). and CAT gene, respectively. On the left 
side the viral genomes (v) and particular mRNAs are 
indicated. While SAO XCAT transcribes an mRNA con- 
taining both CAT and pseudogene sequences ("CATV). 
SAD VCAT lacks pseudogene sequences anc :ran- 



12 



II 



23 



EP 0 702 085 A1 



24 



scribes an mRNA ("CAT) possessing only CAT 
sequences. The size of RNA markers are given in kb. 

Fig. 6: 

CAT activity of SAD XCAT and SAD VCAT after mul- 
tiple passages in cell culture. Ceils were infected with 
viruses from the particular passages (number cf pas- 
sage as indicated^ and equal amounts of cell extracts 
were analysed for CAT activity two days post infection. 
In lane extracts from ceils infected with SAD L1 6 were 
analysed. 

Fig. 7: 

Expression of E0 and E2 protein by recombinant 
RVs. 

Cells were infected with SAD VEO (isolates 1 . 2. 3) 
and SAD VE2 (isolates a, b. c). respectively. Two days 
post infection, ceil extracts were separated in PAA Gels 
under reducing conditions and transferred to nitrocellu- 
lose membranes. After incubation with monoclonal anti- 
bodies directed against CSFV E0 and E2 protein, 
respectively, and subsequently with a secondary anti- 
body coupled to alkaline phosphatase, the proteins were 
visualized by addition of substrate and exposure to an 
X-ray film. As a control, baculovirus expressed and puri- 
fied E0 and E2 protein was used (B). !n addition, extracts 
from cells infected with CSFV (V) served for comparison. 

Fig. 6: 

Leucocytes of pigs immunized with SAD VEO (#1 
and 2), SAD VE2 (£6) and standard rabies virus SAD 
819 (£3 and £4). and challenged with CSVF. Leucocyte 
amounts are given in percent of absolute numOers 
present prior to challenge (day 0). " (#1 . day 10 ach.): 
not done, estimated value. 

Fig. 9: 

Body temperature of pigs after CSFV challenge (day 

0). 

a. Animals immunized with SAO VEO (#1 and #2) 
developed mild fever until day 11 (£1) or no fever 
(#2). Both control animals immunized with SAD 819 
(#3 and #4) showed high fever over a long period. 
#4 died at day 1 5 cost challenge from classical swine 
fever, due to heavy symptoms. £4 was killed 21 days 
post challenge. 

b. The animal immunized with SAD VE2 developed 
mild fever only at days 6 to 3. Controls are the same 
as in a). 

Ftg. 10: 

Expression of a truncated G protein in cells infected 
with SAD CCD. 



BSR cells were infected at an moi of 1 with SAD CCD or 
SAD L16 and at 16 h pcsi-infecticn labelled with 50 jiCi 
cf pS]methionine for 3 h. Cell extracts were incubated 
with an anti-rabies G MAb and aliquots of immunopre- 

5 cipitated samples were either digested 'with PNGasa F 
(+PF) in order to demonstrate the protein backbones or 
meek treated (-) to demonstrate the glycosylated pro- 
teins +TM: infected calls were incubated in the presence 
of 2 ag/ml tunicamycin for SO min prior to labelling and 

w during the 3 h labelling period. Proteins were separated 
on 10% SDS-PAGE and visualized by autoracicgraphy. 
Ceil extracts were analysed as accve. L16, SAD L16 
virus; £CD, SAD DCD mutant virus. M: Protein size 
markers. 

rs 

Fig. 11: 

Spread of SAO L16 and SAD DCD in ceil culture. 
Culture cells were infected at an m.o.i. of 0.05 with SAD 

20 L16 (LIS) and SAD CCD (DCD), respectively, and ana- 
lysed at the indicated times post infection by direct 
immunofluorescence with a conjugate (Cerrtocor®) 
directed against rabies virus N protein. A slower spread 
of infection of neighbouring cells is observed in cells 

25 infected with SAD DCD, 

Ftg. 12: 

Analysis of SAD dG (Example 7) and SAO dCD 

30 (Example S) specific RNA' s. 

Total RNA of 8SR cells infected with SAO L1 6 (Example 
1), SAD dCD (ACD) and phenotypicaily complemented 
SAD dG virus (AG) at m.ai.s. of 1 was isolated 2 days 
pest infection and analyzed by Northern hybridization. 

35 As demonstrated by hybridization with an N gene specific 
probe (A), the genome of SAD dG is considerably 
smaller than the standard rabies virus genome (v). 
reflecting the 2.1 kb deletion of the G gene. A probe 
spanning the entire G protein encoding sequence fails 

*o to hybridize with SAD dG RNAs, The small deletion of 
the cytoplasmic domain encoding region in the SAO dCD 
genome is demonstrated by the appearance d a G 
mRNA (G) that is shorter than the standard rabies virus 
G mRNA. 

46 v: genomic RNA: N, G: monocistronic mRNAs: N+P, 
M+G, G+L: bicistronic mRNAs 

Ftg. 13: 

so Uck cf spread of the G~ mutant SAD dG. 

8SR calls were infected with phenotypicaily comple- 
mented SAD dG and analyzed 36 hours pest transf action 
by immuncflucrescance microscooy. In (A) N protein 
expression is shewn by incubation of calls with a F1TC- 

55 coupled antibody directed against N protein (Centocore). 
Only single cells are intected, no spread of virus to neigh- 
bouring cells is observed. (B): control with a G specific 
antibody. 
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Fig. 14: 

Composition of the functional chimeric HIV/RV glyc- 
oprotein used for generation of RV(HIV) pseudotype vir- 
ions. The entire HIV-NL43 gpi60 cytoplasmic domain 5 
except for three amino acids directly downstream of the 
transmemcrane domain was replaced by the complete 
RV-O cytoplasmic domain. *p" represents a proline res- 
idue net present in the parental proteins. Cytoplasmic 
and transmembrane domain sequences are separated to 
by a slash (/). 

Claims 

1 . A genetically manipulated infectious replicating non- is 
segmented negative-stranded RNA virus mutant 
comprising an insertion and/or deletion in an open 
reading frame, a pseudogene region or an intergenic 
region of the virus genome. 

20 

2. A virus mutant according to daim 1 . characterized 
in that the virus mutant comprises an insertion 
and/or deletion in a pseudogene region. 

3- A virus mutant according to daim 1, characterized 25 
in that the virus mutant comprises an insertion 
and/or deletion in an open reading frame. 

4. A virus mutant according to daim 3. characterized 

in that the virus mutant comprises an insertion 30 
and/or deletion in the open reading frame encoding 
the Matrix protein or an analog thereof, resulting in 
the absence of a functional Matrix protein , said 
mutant being pheno typically complemented with the 
Matrix protein. 35 

5. A virus mutant according to daim 3, characterized 
in that the virus mutant comprises an insertion 
and/or deletion in the open reading frame encoding 

the glycoprotein G. *o 

6. A virus mutant according to daim 5. characterized 
in that the insertion and/or deletion results in the 
absence of a functional glycoprotein G, said mutant 
being phenotypically complemented with a giyco- +s 
protein G analog. 

7. A virus mutant according to claim 5 characterised in 
that the glycoprotein G analog is the rabies glyco- 
protein G. so 

8. A virus mutant according to claims 1-7. character- 
ised in that it carries a heterologous nudeic add 
sequence encoding an epitope or polypeptide of a 
pathogenic virus or microorganism. 55 

9. A virus mutant according to claims 1-3, character- 
ised in that the virus mutant belongs to the family of 
paramyxoviridae. 



10. A virus mutant according to claims 1-6. character- 
ised in that the virus mutant belongs to the family of 
rhabdoviridaa 

11. A virus mutant according to claim 10, characterised 
in that the virus mutant is rabies virus. 

12. A vaccine for the prevention of infection caused by 
a non-segmented negative-stranded RNA virus in a 
mammal, characterized in that the vaccine com- 
prises a virus mutant according to claims 1-11 and . 
a pharmaceutical^ acceptable carrier or diluent 

13. A process for the preparation of an infectious repli- 
cating non-segmented negative-stranded RNA virus 
comprising the steps of: 

a) introdudng into a host cell expressing a RNA 
polymerase; 

1) one or more DNA molecules encoding 
the virus N. P and I proteins, or analogs 
thereof; 

and 

2) a DNA molecule comprising the cONA of 
the non-segmented negative-stranded 
RNA virus genome and 

b) isolating the viruses produced by the cells. 

14. A process according to claim 13, characterised in 
that the cONA of the non-segmented negative- 
stranded RNA virus genome is modified by the incor- 
poration of a mutation. 

15. A process according to daims 13-14. characterized 
in that the transcripts of the non-segmented nega- 
tive-stranded RNA virus cONA genome are positive 
stranded antigenomic RNAs. 

16. A process according to daims 13-15, characterized 
in that the RNA polymerase is T7 RNA polymerase, 
preferably expressed from a recombinant vaccinia 
virus. 

17. A process according to claims 13-16. characterized 
in that the non-segmented negative-stranded RNA 
virus genome is obtained from the family of para- 
myxo-viridae. 

18. A process accorcing to daims 13-16. characterized 
in that the non-segmented negative-stranded RNA 
virus genome is obtained from the family of rhab- 
doviridae. 
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A process according to dai'm 18. characterized in 
that the non-segmented negative-stranded RNA 
virus genome is obtained from rabies virus. 
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